This paper investigates the performance of brass electrode on the removal of aluminium alloys LM6 (Al-Sil2) in an electrical discharge machining (EDM) die-sinking. The machining parameters such as pulse-on time, pulse-off time and peak current were selected to find the responses on the material characteristics such as material removal rate (MRR), electrode wear rate (EWR) and surface roughness (Ra). Brass with diameter of 10mm was chosen as an electrode. Orthogonal array of Taguchi method was used to develop experimental matrix and to optimize the MRR, EWR and Ra. It is found that the current is the most significantly affected the MRR, EWR and Ra while pulse on time, pulse off time and voltage are less significant factor that affected the responses. Percentage optimum value of MRR increases to 3.99%, however EWR and Ra reduce to 3.10% and 2.48% respectively. Thus, it shows that brass having capability to cut aluminium alloys LM6.
Introduction
Brass is one of the electrical conductive materials. Today, however, brass is seldom used as an electrode in EDM die sinking due to its high wear rate but it still good for machining materials for high speed small hole machines because it exhibits higher degree of stiffness and easier to machine than copper [1] . Even though, brass already used as an electrode but it is still not tested for cutting aluminium alloys LM6. It is known that LM6 which aluminium containing 12% silicon has good resistance to corrosion and excellent cast ability [2] . It is widely used in many fabrication devices due to its characteristics properties such as applications for motor housings, manifolds, marine components and pumping cases. Further, LM6 is also appropriate where sometimes castings require to be welded.
Usually in die tooling, when materials used is hard, it becomes better for die tooling, however it would be difficult to cutting using conventional cutting tools [3] . Therefore, some others electrode materials were tested against the aluminium alloys LM6 like copper tungsten [4] , copper [5] and graphite [6] which has yielded a good experimental result. A special advantage of EDM die-sinking offers compared to conventional machine where materials removed without any contact between electrode and workpiece. As a result, problems of vibration and mechanical stress can be eliminated during machining process [7] .
Even though, the use of die-sinking EDM focused on the cutting material having conductivity of an electric, the process capability of cutting alloys materials, becomes more challenges regardless of their hardness and toughness [8] . The most advantage of EDM die-sinking machine is that it can cut electrical conductivity material, free from burrs especially for stamping die that can be produced by EDM die-sinking with accurate dimension, low cost and fast processes [9] .
Research on EDM machine on metal matrix composite (MMC) material is still unclear and not really fully understood. Therefore, many researchers have studied and investigated on the response of MMC in EDM machining before it can be commercialized [10, 11, 12] . This is due to machining using conventional machines only limited to shape of cutter diameter. For producing workpiece having a complex shape like a sharp edge in pocketing, deep slots and microholes, EDM diesinking machining always offer a good decision. Therefore, the aim of this study is to investigate the performance of brass materials used as an electrode on material removal of MMC, i.e., aluminium LM6 having 12% silicon in EDM die-sinking process. Then, result from this experimental becomes useful for future reference.
Experimental
This project used EDM die-sinking Sodick AQ35L series. The metal matrix material used was aluminium having reinforced agents of 12% silicon which is known as aluminium LM6. The properties of aluminium LM6 can be found from our previous paper [4] . The dielectric fluid used in this project was Kerosene. Further, the selected factors for maching parameters having three levels is shown in Table 2 . Table 2 : Factors and levels for the experiment In this project, input parameters such as peak current, voltage, pulse on time, and pulse of time with low, medium and high of three levels were selected. Orthogonal array design using Taguchi method having 9 runs with three factors and three levels were investigated. The three repetions of every run had been done with total of preparing sample was 27 runs.The analysis of optimum levels was done using signal to noise ratio (S/N) and the ranking of the significant factor with percentage of contribution was analyzed using analysis of variance (ANOVA).
Result and Discussion
Explanation of the result analysis is described by the graph and percentage of contribution value. It is determined that each of parameters is influenced all the responses based on the percentage of contribution value. Average of MRR, EWR and Ra for every sample after analyzed using Minitab Software Version 16 is shown in Table 3 . Figure 1 shows the S/N response graph of MRR with initial setting the larger is better. From the graph, it shows that the optimum parametric combination are peak current 30A at Level 3, machining voltage 21V at Level 1, pulse on time 1µs at Level 1, and pulse off time 1µs at Level 1. It shows that peak current is dominant factor affecting MRR. Validation on combination these parameters increases the MRR for 3.99%. Some researchers had agreed that peak current influenced MRR. When peak current increases, the spark discharges more energy to facilitate the action of melting and vaporization. Therefore, advancing the large impulsive force in the spark gap, in which increasing the MRR [13, 14] .
Analysis Result of Material Removal Rate (MRR)

Figure 1: Signal to noise graph for MRR
In order to study the significance of the parameters in affecting the quality characteristic of interest, i.e., MRR, ANOVA analysis was performed. The summary of the result is shown in Table  4 . Considering the value of percentage that shows the significant factors influenced MRR, it can be determined that peak current is the highest percentage with 72.81%. For all ANOVA analysis in this paper, the number of P value where the parameter shows the lowest value, it means that the nearly value with alpha value 0.05 is the most significant factor. 
Analysis Result of Electrode Wear Rate (EWR)
The S/N response graph of EWR is shown in Figure 2 with initial setting the smaller is better. It shows that the optimum parametric combinations are peak current of 2A, voltage of 30V, pulse on time 400µs and pulse off time 9µs. It can be noted that the lowest value of EWR can be achieved with the current is setting at low level while voltage, pulse on time and pulse off time at high level. However, some researchers found that peak current and voltage were influencing EWR [12] . Further, validation process was done by combining optimum four parameters 2A, 30V, 400µs and 9µs and found that EWR reduces to 3.10%. table 4 , the summary of the EWR using ANOVA was identified. Considering the value of percentage that shows the significant factors influenced EWR, it can be determined that the peak current is the highest percentage with 73.01% followed by voltage with 14.30%, pulse off time with 8.01% and pulse on time with 4.69%.
Analysis Result of Surface Roughness (Ra)
The S/N response graph of Ra is shown in Figure 3 with initial setting the smaller is better. It shows that the optimum parametric combinations are peak current 2A, voltage 30V, pulse on time 400µs and pulse off time 9 µs. From this result, it can be noted that the lowest value of Ra can be achieved with curent is setting at low level while voltage, pulse on time and pulse off time are setting at high level. Validation on combination these parameters reduces the Ra for 2.48%. Similar to table 4, the summary of the EWR using ANOVA was identified. Considering the value of percentage that shows the significant factors influenced EWR, it can be determined that the peak current is the highest percentage with 98.25% followed by pulse on time with 1%, pulse of time with 0.45% and voltage with 0.3%.
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Conclusions
Machining parameters which are current, voltage, pulse-on time and pulse-off time are tested to determine the response on the material characteristic such as MRR, EWR and Ra. It can be concluded that peak current is the main factor affecting MRR, EWR, and Ra. Further, increasing the current, MRR, EWR and Ra increase significantly. Other factors, voltage, pulse on-time and pulseoff time show less significant factor affected the responses. Thus, it shows that higher the flow current, the more material removal of aluminium alloys in EDM die-sinking process.
